ABSTRACT
INTRODUCTION
n 1993, John Taylor proposed a simple rule to capture the underlying factors affecting decision making by the Fed. According to this rule, the optimal federal funds rate begins with an estimate of the longterm, equilibrium federal funds rate. Deviations from this rate should occur when inflation differs from its desired rate or if GDP differs from its potential (the output gap). If inflation rises, the nominal interest rate should rise to maintain the same real rate. In addition, the central bank is likely to raise the rate further in order to increase real interest rates in an attempt to slow down the economy and bring inflation back to its desired rate. Inclusion of the output gap plays two roles. A positive output gap implies that inflationary pressures are building, thus motivating the Fed to raise interest rates to keep inflation in check. A negative output gap is evidence of a weak economy (along with downward pressure on inflation), which may lead the Fed to lower interest rates to stimulate the economy. Judd and Rudebusch (1998) proposed a modified version of Taylor"s rule that accounts for a dynamic adjustment mechanism since the interest rate is unlikely to be adjusted immediately to its theoretically optimal rate.
Though financial markets do not make decisions in the same manner as central banks, many of the same factors are taken into account by traders in the bond market. Bond traders desire a sufficient real rate of return. If inflation is expected to rise or inflationary pressure is perceived to be building, the nominal interest rate needs to increase to provide the same real return. This implies that both higher expectations of inflation and a positive output gap should correlate to higher interest rates. Also, economic weakness is likely to result in decreased demand for credit putting downward pressure on interest rates. Changes in interest rates make take some time as markets evaluate the information, thus requiring an adjustment process. Thus, a dynamic version of Taylor"s rule should prove useful in examining the behavior of Treasury yields. By examining data from different nations, one can draw inferences as to differences in the behavior of financial markets. Empirical evidence indicates that bond investors do indeed respond to changes in expected inflation when considering long-term securities, though the evidence is mixed for short-term bonds. Yields also respond to indications of economic strength, with short-term rates displaying more sensitivity than long-term rates. In addition, bonds with short maturities tend to display some persistence in the movement of interest rates accompanied by low speeds of adjustment.
DESCRIPTIVE STATISTICS
Quarterly data for the respective countries were obtained for the period from the mid-1990s to 2007. Differences in the periods are due to the availability of data. The output gaps are estimates obtained from the respective government agencies (the US Congressional Budget Office, Bank of Canada, and Her Majesty"s Treasury). In the case of Australia, potential GDP was estimated using a Hodrick-Prescott Filter in order to derive an estimate of the output gap. Both three-month and ten-year government bond rates using constant maturity were obtained from the respective central banks. Expected inflation was proxied using estimates from the respective central banks based on differences between traditional and inflation-indexed securities. Since the US only began issuing inflation-indexed bonds in 2003, there would have been insufficient data. Thus, for the US, expected inflation was proxied using the Philadelphia Federal Reserve survey of professional economists.
Tables 1a-d present the basic descriptive statistics for each variable. Long-term interest rates, as expected, tended to be higher than short-term interest rates, on average. Small differences can be seen for Australia and the UK while relatively larger differences existed for Canada and the US. Expectations of inflation tended to be lowest in Canada and highest in the UK; Australia and the US displayed similar average rates of expected inflation. As one would expect, the averages of the output gap tended to be close to zero. 
DYNAMIC VERSION OF TAYLOR'S RULE
First introduced in 1993, Taylor"s rule has been the subject of substantial research. From its original simple form with arbitrary coefficients, many variations have since been introduced. Among those who employed versions of Taylor"s rule to examine monetary policy were Gerlach and Schnabel (1999); Orphanides (2007) , Smets (1998) and Taylor (1999) . In its original form, Taylor"s rule simply relates the federal funds rate to both the output and inflation gaps (see 1). If inflation rises above its desired level, the Fed should raise the federal funds rate. If GDP exceeds its potential, inflationary pressures exist and the Fed should raise the federal funds rate to contain these pressures.
where f is the federal funds rate;  is the inflation rate; r is the equilibrium real federal funds rate; and y is the output gap. The coefficients on the original model were chosen by Taylor. Though the model proved effective in explaining the behavior of Fed policy during the first five years of the Greenspan era, subsequent researchers sought instead to estimate the relationship using a model similar to (2) .
Equations (1) and (2) seek to identify how the "optimal" federal funds rate responds to inflation and the output gap. However, the federal funds rate is unlikely to jump to its new optimal level. Thus, further modifications were made to account for interest-rate smoothing. One of the more popular models that took this into account was one that introduced a dynamic adjustment process to account for the speed and persistence of interest rate movements (Judd and Rudebusch, 1998) .
Gamma provides an estimate of how quickly the federal funds rate adjusts to its optimal value (f * ) while rho is a measure of the persistence of changes in the federal funds (with higher values implying more persistence). That is, once the federal funds rate begins to move in a certain direction, it is likely to continue to move in that direction as it transitions to its new optimal level. Gamma and rho attempt to measure how quickly the rate moves and how long this process takes. When one combines (2) and (3), a dynamic version of Taylor"s rule can be estimated:
where α = r * -B 1  * .
One can view  as either inflation or expected inflation since the Fed seeks to keep inflation in check rather than reacting to it after it already has risen and also that because it seeks to anchor inflationary expectations,.
Though central banks and financial markets differ in terms of structure and the timing of decision making, they share similar concerns and consider similar factors when deciding on the direction of interest rates. Participants in the bond market continually take actions that impact market interest rates and have been referred to as "inflation vigilantes" in that they pay careful consideration to the future direction of inflation. Thus, bond traders pay close attention to signals of inflationary pressure whether it"s higher expectations of inflation or an overheating economy as evidenced by GDP exceeding its potential (a positive output gap). Given the similar focus of bond markets and central banks, it would appear that a version of Taylor"s rule can provide insight into the behavior of financial markets in setting market interest rates. Therefore, equation (4) can be modified as follows:
where i is the interest rate on a government bond.
REVIEW OF THE LITERATURE
While a considerable amount of research has been undertaken applying Taylor"s rule to monetary policy (see above), there has been little application of it to the study of bond markets. A few authors have employed some of the concepts embodied in Taylor stated that a robust economy increases real interest rates as businesses increase their demand for credit by seeking new funds with which to invest. He also expressed the likelihood of a one-for-one relationship between expected inflation and nominal interest rates (often referred to as the Fisher effect).
Thus, even though there has been little direct application of Taylor"s rule to the analysis of bond yields, the concepts underlying Taylor"s rule have been employed in previous research. This study applies a dynamic version of Taylor"s rule to examine the behavior of securities of different maturities in bond markets in four countries. Comparisons between countries and maturities are made to provide insight into the behavior of the respective financial markets.
EMPIRICAL MODEL AND RESULTS
Quarterly data from the mid-1990s to 2007 are employed to estimate the model described above (see equation 5). One would expect B 1 to be equal to one if the Fisher effect holds true. That is, a one percent increase in expected inflation leads to a corresponding one percent increase in the nominal interest rate on government securities. B 2 is expected to be positive since relative economic strength puts upward pressure on real interest rates. The magnitude of the coefficient would indicate how sensitive the interest rate is to economic strength (or weakness). The speed of adjustment is estimated by γ -a higher value for γ would be evidence of a higher speed of adjustment to the appropriate value based on macroeconomic conditions. The degree of persistence is estimated by ρ -a high value for ρ indicates that once interest rates start moving in a certain direction, they continue moving that way for an extended period of time.
Standard econometric tests for the validity of the model revealed no econometric issues for either maturity for any country. The empirical results can be seen in Tables 2 and 3 . To test for the statistical significance of expected inflation and the output gap, one needs to employ indirect least squares since the estimation of (5) yields γ γ 2 and γ (1+ B 1 ) as the respective coefficients. Estimated values for B 1 and B 2 can be obtained by modifying both terms using the estimated coefficient on the lagged interest rate (γ). Similar results were found for each country in the model of the three-month government bonds. All but one of the coefficients for each variable were found to be statistically significant. Expected inflation was positive and significantly related to the interest rate in each country except UK with comparable coefficients found for Canada and the US. The output gap, as expected, had a positive and significant impact on the short-term interest rate for all the countries studied. Speeds of adjustment were relatively low and comparable for Canada, UK and the US with Australia"s speed being somewhat higher. Interest rates displayed smaller degrees of persistence in Australia and Canada than UK and US. Test for the Fisher effect reveal that it was not evident in Australia and the UK since the estimated coefficient of expected inflation was significantly less than one. Support for the Fisher effect was found in Canada and the US. Results for long-term interest rates (ten-year government bonds) revealed some differences in their behavior between nations. Perhaps the most notable result was the lack of significance of the model in the case of Canada. Lucia, et.al. (2008) found that, whereas short-term interest rates in Canada were primarily affected by domestic economic factors, long-run interest rates were highly correlated with those in the United States. Thus, the model for Canada was re-estimated including the change in US 10-year Treasury bonds. The results confirm their findings as the coefficient of the change in the 10-year US Treasury bond was highly significant (see table 3e ).
For the remaining countries, expected inflation was positive and significantly related to long-term yields in every case. Meanwhile, the output gap had a positive and significant effect in the UK and US. Similar speeds of adjustment were detected for Australia and the UK while the US displayed a slightly higher speed of adjustment. A significant degree of persistence was only found in the case of US Treasury bonds. Evidence in support of the Fisher effect was found in every nation.
When comparing the results for short-term and long-term yields, some noticeable differences were found. The output gap had a smaller effect on long-term yields than short-term yields in every country. The impact of a one percent output gap was about a 50 basis point increase in the three-month government bond yield in Australia and Canada and approximately a 70 basis point increase in three-month rates in the UK and US. Meanwhile, little effect was detected on long-term rates in Australia and Canada and about a 40 basis point increase in the UK and US. However, with the exception of Canada, expected inflation had a larger effect on long-term rates than short-term rates, with support for the Fisher effect detected for long-term interest rates in every nation..
Little difference was detected in the speed of adjustment for short-term and long-term yields except for the US where long-term yields displayed a higher speed of adjustment. However, the degree of persistence was found to be lower for long-term interest rates in every country. An insignificant degree of persistence was found in for long-term interest rates in every nation but the US whereas a positive degree of persistence was noted for short-term interest rates in each case. For short-term yields, the degree of persistence was about 0.3 for Australia and Canada and slightly above one-half in the UK and US. Together, this suggests that short-term interest rates tend to move in one direction longer than long-term rates, while they both adjust to their "appropriate" value as determined by macroeconomic conditions at a similar rate (except in the case of the US).
SUMMARY AND CONCLUSIONS
The dynamic Taylor-type rule presented in this paper provides insight into the behavior of the yield on three-month and ten-year government securities in the countries studied. There was mixed evidence regarding the existence of the Fisher effect. Whereas support was found in all the countries when considering the behavior of long-term interest rates, only half of the countries exhibited the Fisher effect in the case of short-term government securities. It appears that ten-year government bonds are more sensitive to expected inflation than those with shortterm maturities. This makes sense since higher rates of inflation are likely to have more detrimental effects on longterm securities. Economic strength, as measured by the output gap, tends to have a more significant impact on short-term interest rates than long-term rates. This difference is likely due to long-term interest rates not being as sensitive to short-term fluctuations in economic activity while short-term rates are more responsive to current economic conditions. Long-term interest rates displayed a lower degree of persistence in each country. One reason for this is probably due to short-term rates being more correlated to overnight rates targeted by central banks which tend to display persistence as central banks implement their policy using interest-rate smoothing (small and steady changes in targeted interest rates). Little difference in terms of speeds of adjustment was found between bonds of different maturities.
Though results were similar across countries, some differences should be noted. Short-term yields were more sensitive to inflationary expectations in Canada and the US than Australia and UK. Unlike in other countries, yields on ten-year bonds displayed persistence in the US. Confirming the finds of Lucia, et. al. (2008) , there"s evidence that long-term bonds in Canada are largely driven by US financial markets instead of domestic factors whereas domestic factors helped to explain the behavior of long-term interest rates in the other nations studied. Taylor"s rule appears to provide insight into understanding similarities and differences in the behavior of interest rate on government bonds of different maturities in the countries studied.
